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(54) Liquid-ejecting method and liquid-ejecting apparatus 



(57) In a liquid-ejecting method for ejecting liquid 
contained in a liquid chamber (21 ) from a nozzle (20) as 
a liquid droplet group, the ejection amount of each liquid 
droplet (30) of the continuously ejected liquid-droplet 
group can be stabilized corresponding to a wide fre- 



quency band of a pulse signal. Also, when one pixel is 
formed with a plurality of liquid droplets using a head 
capable of deflecting the ejecting direction of the liquid 
droplet, the image quality is improved by reducing the 
landing positional displacement between plural liquid 
droplets for forming the one pixel. 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 



[0001] The present invention relates to a liquid- eject- 
ing apparatus having a head with a plurality of liquid- 
ejecting units, each unit having a nozzle, and a liquid- 
ejecting method. 

2. Description of the Related Art 

[0002] As an example of a liquid-ejecting apparatus 
having a head with a plurality of liquid-ejecting units 
each unit having a nozzle, an inkjet-type recording ap- 
paratus has been known. The inkjet-type recording ap- 
paratus such as an Inkjet printer has been widely used 
in view of high-speed recording, inexpensive running 
cost, and easy colorizing, so that techniques for forming 
high-resolution and high-quality printed images have 
been developed. 

[0003] For example, there is a serial-type print head 
in which while a print head is reciprocated in the full- 
width direction of a recording medium, ink is ejected 
from a liquid-ejecting unit arranged in the print head so 
as to form printed images. In the serial-type print head 
a multipath system is employed. The multipath is a sys- 
tem in which when ink is ejected so as to form printed 
images during the reciprocation of the print head, for one 
line constituting printed images, ink is ejected from a plu- 
rality of liquid-ejecting units. Thereby, fluctuations in an 
ejecting direction and an ejection amount of ink ejected 
from each liquid-ejecting unit are able to be inconspic- 
uous. 

[0004] Also, in the in kjet printer, a pulse number mod- 
ulation (a method for forming one pixel by a plurality of 
— ink droplets.so,called PNM) has been known. Fig. 20 is 
an explanatory view illustrating the pulse number mod- 
ulation (PNM system). In this method, within one pixel 
region, ink droplets are continuously ejected plural 
times. It is not until the ink droplet landed at first is ab- 
sorbed (permeated) into a photographic sheet that the 
next ink droplet is landed so that at least part of a region 
is overlapped with another region. Fig. 20 shows exam- 
ples from an example where an ink droplet is landed 
once up to an example where ink droplets are landed 
five times. It is not until the ink droplet landed at first is 
absorbed (permeated) into a photographic sheet that 
the next ink droplet is landed, so that a plurality of ink 
droplets are united so as to form one large pixel. That 
is, the PNM is a system in which by adjusting the number 
of ink droplets ejected from each liquid-ejecting unit the 
diameter of a pixel constituting a printed image is vari- 
ably controlled so as to express gradation. In order to 
form high-quality printed images using such a PNM sys- 
tem, it is an important object to stabilize the ejection 
amount of an ink droplet ejected from each liquid-eject- 
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ing unit. As a technique relating to such an object, it is 
disclosed that during continuously ejecting ink' the 
amount of an ink droplet is stabled (Japanese Patent 
Publication No. 3157945 (page 3, Figs. 5 and 8)forex- 
5 ample). 

[0005] The technique described in Japanese Patent 
Publication No. 3157945 relates to a technique in that 
a plurality of independent ink droplets for one pixel are 
defined as a ink droplet group and a pulse interval is set 
10 for a pulse signal for ejection from the same ejecting 
unit. Specifically, in a frequency band in which with in- 
creasing the pulse interval, the ejection amount per one 
droplet increases, the pulse interval is established so 
that the amount of each ink droplet of the ink droplet 
15 group is equalized with the amount of an ink droplet 
when a single ink droplet is ejected. Thereby, the pulse 
interval for equalizing the amount of each ink droplet of 
the ink droplet group ejected continuously is selected 
from a graph between a drive frequency and ink ejection 
20 amount characteristics, and the amount of each ink 
droplet can be constant using the selected pulse inter- 
val. However, this pulse interval is uniquely determined 
so that it has not been arbitrarily established. 
[0006] Incidentally, in response to the serial-type print 
25 head, there is a line-type print head having a number of 
head chips arranged corresponding to the entire width 
of a recording medium. If the line-type print head is ap- 
plied to the technique described in Japanese Patent 
Publication No. 3157945, along with increase in the 
30 number of liquid-ejecting units, the electric power ap- 
plied to a heating element provided in each liquid-eject- 
ing unit may concentrate. In this case, the voltage of a 
power supply for supplying electric power to each heat- 
ing element fluctuates, and as a result, high-quality im- 
35 ages may not be formed (a first problem). 

[0007] Also, in the technique described in Japanese 
Patent Publication No. 3157945, even if the pulse inter- 
~ : Y al for equalizing the amount of each ink droplet of the- 
ink droplet group ejected from each liquid-ejecting unit 
40 is selected from the graph about the ink ejection amount 
characteristics, by the effect of fluctuations of each com- 
ponent in the manufacturing process of the print head 
or changes in temperature in use, the amount of each 
ink droplet is liable to change, So that it has been difficult 
<s to stabilize the amount of each ink droplet of the ink 
droplet group ejected from each liquid-ejecting unit (a 
second problem). 

[0008] Since in the line-type print head, a recording 
medium is moved relatively to the print head only in a 
50 direction perpendicular to the longitudinal direction of 
the print head so as to form printed images, the multip- 
ath system cannot be applied thereto. Therefore fluc- 
tuations of each liquid-ejecting unit in the ejecting direc- 
tion get lined-up along the imaging direction. If a head 
55 with fluctuations in the ejecting direction is used al- 
though the printing must be actually performed as 
shown in Fig. 19B, there has been a problem of printed 
images with streaks and unevenness as shown in Fig 
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19A (a third problem). 

[0009] On the other hand, while the third problem be- 
ing solved, in a liquid-ejecting apparatus having a head 
(line head) with a plurality of liquid-ejecting units ar- 
ranged thereon, a technique enabling the PIMM system, ' 5 
in which while liquid ejecting direction is controlled (de- 
flected), one pixel is formed by landing ink droplets on 
one pixel region using a plurality of liquid-ejecting units, 
to be employed thereinto is proposed in Japanese Pat- 
ent Application 2002-161928, which is assigned to the 10 
same assignee as this application. 
[0010] However, in forming one pixel by landing ink 
droplets using a plurality of liquid-ejecting units, since a 
plurality of the liquid-ejecting units correspond to the 
one pixel, signal processing for ejection execution is is 
complicated. 

[001 1 ] Furthermore, in forming one pixel by a plurality 
of ink droplets ejected from a plurality of liquid-ejecting 
units, as shown in Fig. 21, the displacement in landing 
positions of the ink droplets ejected from each liquid-- 20 
ejecting unit tends to increase. Therefore, as shown in 
Fig. 21 , when dots formed by a plurality of the ink drop- 
lets are united so as to form one pixel, the shape of the 
pixel is not approximated to a circle, and this may result 
in image-quality deterioration (a fourth problem). 25 

SUMMARY OF THE INVENTION 

[0012] Accordingly, in order to solve the first and sec- 
ond problems, it is an object of the present invention to so 
provide a liquid- ejecting apparatus and a liquid-ejecting 
method capable of stabilizing the ejection amount of 
each liquid droplet of a liquid-droplet group continuously 
ejected toward one landing point from a nozzle of a liq- 
uid-ejecting apparatus having a head with a plurality of 35 
liquid-ejecting units, each unit having the nozzle, corre- ... . 
sponding to a wide frequency band of a pulse signal (a 
first object). 

[0013] Furthermore, in order to solve the third and 
fourth problems, it is another object of the present in- *o 
vention to improve image quality by reducing displace- . 
ment in landing positions between a plurality of liquid 
droplets for forming one dot so as to improve the dot 
quality when the one dot is formed from a plurality of the 
liquid droplet using a head capable of deflecting the 45 
ejecting direction of liquid droplets (a second object).. 
[0014] Accordingly, the present invention solves the 
objects described above by the following solving means. 
[0015] In order to achieve the first object, a liquid- 
ejecting method according to the present invention com- 50 
prises the steps of replenishing a liquid chamber, which 
is formed corresponding to a nozzle for ejecting liquid 
therefrom, with liquid; and ejecting liquid contained in 
the liquid chamber as continuous liquid-droplet groups 
from the nozzle by feeding a pulse signal to ejecting- 55 
energy generating means disposed within the liquid 
chamber, wherein the ejection amount of each liquid 
droplet of the liquid-droplet group continuously ejected 



from the nozzle toward one landing point by the pulse 
signals is fixed or approximately constant correspond- 
ing to a predetermined frequency band of the pulse sig- 
nal, and liquid is ejected by variably controlling a drive 
frequency of the pulse signal within the frequency band. 
[001 6] By such a method, the ejection amount of each 
liquid droplet of the liquid-droplet group continuously 
ejected from the liquid-ejecting hole toward one landing 
point by the pulse signals generated by the pulse-signal 
generating means is fixed or approximately constant 
corresponding to a predetermined frequency band of 
the pulse signal, and liquid is ejected by variably con-, 
trolling a drive frequency of the pulse signal within the 
frequency band, so that the ejection amount of each liq- 
uid droplet of the continuously ejected liquid-droplet 
group can be stabilized corresponding to a predeter- 
mined frequency band of the pulse signal. 
[0017] In order to achieve the first object, a liquid- 
ejecting apparatus according to the present invention 
comprises a nozzle member having a nozzle for ejecting 
liquid therefrom; a liquidchamberformed corresponding 
to the nozzle; ejecting-energy generating means dis- 
posed within the liquid chamber for generating energy 
for ejecting liquid contained in the liquid chamber from/ 
the nozzle as a liquid-droplet group; and pulse^signal, 
generating means for generating a pulse signal for feed-, 
ing it to the ejecting-energy generating means, wherein 
the ejection amount of each liquid droplet of the liquid- 
droplet group continuously ejected from the nozzle to-, 
ward one landing point is fixed or approximately ^con- 
stant corresponding to a predetermined frequency band 
of the pulse signal, and liquid is ejected by variably con- 
trolling the drive frequency of the pulse signal within the 
frequency band. 

[0018] By such a structure, the ejection amount of 
each liquid droplet of .the liquid-droplet group continue 
ously ejected from the liquid-ejecting hole toward one 
landing point by the pulse signals generated by the 
pulse-signal generating means is fixed or approximately 
constant corresponding to a predetermined frequency 
band of the pulse signal, and liquid is ejected by variably 
controlling a drive frequency of the pulse signal within 
the frequency band, so thatthe ejection amount of each 
liquid droplet of the continuously ejected liquid-droplet 
group can be stabilized corresponding to a predeter- 
mined frequency band of the pulse signal. 
[0019] Furthermore, in order to achieve the second 
object, a liquid-ejecting apparatus according to the 
present invention comprises a head having a plurality of 
lining liquid-ejecting units, each having a nozzle; eject- 
ing-direction deflecting means for deflecting the ejecting 
direction of a liquid droplet ejected from the nozzle of 
one liquid-ejecting unit so that the liquid droplet is land- 
ed at a position or in the vicinity of the position where 
the liquid droplet from the nozzle of another liquid-eject- 
ing unit located in the vicinity of the one liquid-ejecting 
unit is landed without deflection; and ejection-controlling 
means for controlling the ejection so that when one pixel 
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is formed by landing a plurality of liquid droplets so that 
at least part of landing regions are overlapped with each 
other, one of two pixels neighboring in a direction per- 
pendicular to the arranging direction of the liquid-eject- 
ing units is formed by a plurality of droplets ejected from s 
the nozzle of one liquid-ejecting unit while theother pixel 
is formed by a plurality of droplets ejected from the noz- 
zle of the liquid-ejecting unit different from the one liquid- 
ejecting unit. 

[0020] According to the present invention, while a liq- 10 
uid droplet from the nozzle of each liquid-ejecting unit 
can be ejected without deflection, by deflecting the 
ejecting direction, a liquid droplet can be landed at a po- 
sition or in the vicinity of the position where the liquid 
droplet from the nozzle of another liquid-ejecting unit lo- 15 
cated in the vicinity of the one liquid-ejecting unit is land- 
ed without deflection . 

[0021] For example, when liquid droplets are ejected 
from a neighboring liquid-ejecting unit x and a liquid- 
ejecting unit (x+1), landing positions when liquid drop- 20 
lets are ejected without deflection from the liquid-eject- 
ing unit x and the liquid-ejecting unit (x+1) are defined 
as a landing position x and a landing position (x+1), re- 
spectively. The liquid-ejecting unit x can eject a liquid 
droplet without deflection so as to be landed at the land- 25 
ing position x, and also it can land a liquid droplet at the 
landing position (x+1 ) by deflecting the ejecting direction 
of the liquid droplet. Similarly, the liquid-ejecting unit 
(x+1) can eject a liquid droplet without deflection so as 
to be landed at the landing position (x+1), and also it 30 
can land a liquid droplet at the landing position x by de- 
flecting the ejecting direction of the liquid droplet. 
[0022] Then, when a pixel is formed by landing a plu- 
rality of liquid droplets so that at least part of landing 
regfons are overlapped with each other, a liquid-ejecting 35 
unit used for forming the pixel is only one liquid-ejectinq 
unit. 

For forming other pixels neighboring in a direction, per- _ ., 
pendicular to the arranging direction of the liquid-eject- " 
ing units, a liquid-ejecting unit different from the one liq- 40 
uid-ejecting unit, such as one of other liquid-ejecting 
units neighboring in the arranging direction of the liquid- 
ejecting units, is used. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 



45 



Figs. 1 A and 1 B are schematic views of an embod- 
iment of a liquid-ejecting method according to the so 
present invention, showing a state that ink con- 
tained in an ink chamber is ejected from a nozzle 
as an ink droplet group; 

Fig. 2 is a perspective partially broken away view of 
a specific embodiment of an Inkjet printer as an ap- 55 
paratus directly used in the implementation of the 
liquid-ejecting method according to the present in- 
vention; 



Figs. 3A and 3B are explanatory views showing the 

structure of a line head for one color provided in the 

print head shown in Fig. 2, wherein Fig. 3A is a plan 

view and Fig. 3B is a bottom view; 

Fig. 4 is an enlarged view of an essential part of the 

line head shown in Figs. 3A and 3B; 

Fig. 5 is a sectional view at the line of V-V of Fig. 3B; 

Fig. 6 is a sectional view at the line of VI-VI of Fia 

3B; a " 

Fig. 7 is an enlarged view of an essential part of a 
line head shown in Fig. 5; 

Fig. 8 is a graph showing the relationship between 
the drive frequency of a pulse signal and the ink- 
ejection amount when the height of an ink flow path 
shown in Fig. 7 is 11 urn; 

Fig. 9 is a graph showing the relationship between 
the drive frequency of a pulse signal and the ink- 
ejection amount when the height of an ink flow path 
shown in Fig. 7 is 7u,m; 

Fig. 1 0 is a graph showing the relationship between 
the drive frequency of a pulse signal and the ink- 
ejection amount when the negative pressure of a 
spring membershown in Fig. 5 is set at -30 mmH 2 0; 
Fig. 1 1 is a graph showing the relationship between 
the drive frequency of a pulse signal and the ink- 
ejection amount when the negative pressure of the 
spring member shown in Fig. 5 is set at -150 
mmH 2 0; 

Fig, 12 is an exploded perspective view of a head 
of an Inkjet printer applied to a liquid-ejecting appa- 
ratus according to another embodiment; 
Fig. 1 3 is a plan view of a line head according to the 
embodiment; 

Figs. 14A and 14B are a plan view and a side sec- 
tional view showing an ink-ejecting unit of the head 
in more detail, respectively; 
Figs. 15A and 15B are graphs showing the relation- 
ship between the time difference of ink bubble gen- 
eration of two-divided heating resistors and the ink 
ejecting angle, and Fig. 15C shows measured data 
of the time difference of ink bubble generation in the 
two-divided heating resistors; 
Fig. 1 6 is a sectional side view showing the relation- 
ship between the ink-ejecting unit and a photo- 
graphic sheet; 

Fig. 1 7 is a conceptual diagram showing a structure 
in which time difference of the bubble generating 
can be set between the two-divided heating, resis- 
tors; 

Fig. 1 8 is an explanatory view for illustrating the pix- 
el position and the ink droplet-ejection executing 
timing in forming images; 

Figs. 19A to 19C are drawings showing the pixel 
arrangement when one pixel is formed with three 
ink droplets; 

Fig. 20 is an explanatory view for illustrating the 

pulse number modulation; and 

Fig. 21 is a drawing showing an example of large 
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landing positional displacement of ink droplets 
when the pulse number modulation is performed. . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] An embodiment according to the present in- 
vention will be described below with reference to the 
drawings. In the description below, an inkjet printer (sim- 
ply referred to as a printer below) is exemplified as an 
example of a liquid-ejecting apparatus according to the 
present invention. 

[0025] In the specification, an "ink droplet' is referred 
to as a micro amount (several picoliter, for example) of . 
ink (liquid) ejected from a nozzle of a liquid-ejecting unit, 
which will be described later. Also, a "dot" means a sub- 
stance formed on a recording medium such as a photo- 
graphic sheet by one link droplet landed thereon. 
[0026] Furthermore, a "pixel" means a minimum unit 
of an image, and a "pixel region" is defined as a region 
for forming a pixel thereon. 

[0027] On one pixel region, a predetermined number 
of liquid droplets are landed so as to form a pixel without 
a dot (with one-step gradation) or a pixel composed of . 
a plurality of dots (with three-step or more gradation). 
That is, to one pixel region, zero, one, or plural dots cor- 
respond. An image is formed by arranging a number of 
these pixels on a recording medium. 
[0028] in addition, a dot corresponding to a pixel does 
not necessarily fall within its pixel region completely, and 
it may protrude off the pixel region. 
[0029] A "principal scanning direction" is defined as a 
conveying direction of a photographic sheet in a line- 
type printer having a line head mounted thereon. 
Whereas in a serial-type printer, the moving direction of 
a head (the width direction of the photographic sheet) is 
referred as a "principal scanning direction" and a con- 
veying direction of a photographic sheet, i.e., a direction 
perpendicular to the principal scanning direction, is de- 
fined as a "secondary scanning direction". 
[0030] A "pixel row" is referred as a pixel group lining 
in the principal scanning direction . Therefore, in the line- 
type printer, a pixel group lining in the conveying direc-. 
tion of a photographic sheet denotes the "pixel row". 
Whereas in the serial-type printer, a pixel group lining in 
the moving direction of the head represents the "pixel 
row". 

[0031] A "pixel line" denotes a direction perpendicular 
to the pixel row. For example, in the line-type printer, the 
lining direction of liquid-ejecting units (or nozzles) is re- 
ferred to as the line. 

[0032] An embodiment for achieving a first object of 
the present invention will be described below. 
[0033] Figs. 1 A and 1 B are schematic views of an em- 
bodiment of a liquid-ejecting method according to the 
present invention. This liquid-ejecting method is for 
ejecting liquid contained in a liquid chamber as contin- 
uous liquid-droplet groups from a nozzle. Referring to 



Figs. 1 A and 1 B, a nozzle member 1 9, which will be de- 
scribed later, is provided with a nozzle 20 formed there- 
in, and an ink chamber 21 formed corresponding to the 
nozzle 20 is provided with a heating resistor 1 8 arranged 
5 therein. In such a state, ink contained in the ink chamber 
21 is ejected as a continuous liquid-droplet group 30, 
30, .« from the nozzle 20 by feeding a pulse signal to 
the heating resistor 18. 

[0034] According to the liquid-ejecting method of the 
10 present invention, the ejection amount of each liquid 
droplet of the liquid-droplet group 30, 30, — continuously 
ejected from the nozzle 20 toward one landing point on 
a recording sheet P by continuous pulse signals is fixed 
or approximated at constant corresponding to a prede- 
15 termined frequency band of the pulse signal, and ink is 
ejected by variably controlling a drive frequency of the 
pulse signal within the frequency band. 
[0035] That is, the ink chamber 21 is replenished with 
the same amount of ink as that of the ink droplet ejected 
20 from the nozzle 20 in a predetermined frequency band , 
of the pulse signal. The degree of negative pressure ap- 
plied to ink in the ink chamber 21 in a predetermined 
frequency band of the pulse signal is the same as under 
that the surface (meniscus) of ink in the nozzle 20 is not 
25 drawn back toward the ink chamber 21 . Structures, for. 
achieving these will be described later in detail. 
[0036] Fig. 2 is a perspective partially broken away 
view of a specific embodiment of an inkjet printer as an 
apparatus directly used in the implementation of the liq- 
30 uid-ejecting method according to the present invention. 
This inkjet printer is for forming printed images by eject- 
ing ink in the ink chamber 21 from the nozzle 20 as ink 
droplets so as to accrete the ink droplets on a recording 
sheet (recording medium), and includes a sheet tray 2, 
35 sheet feeding means 3, sheet transferring means 4, an 
electrical circuit units, and a print head 6 arranged in. a 

casing 1 . - 

[0037] The casing 1 is a box-like body accommodat- 
ing structural components of the inkjet printer therein, 
40 and is formed in a rectangular body shape, for example, 
with one end being provided with a tray gateway 1 a for 
mounting the sheet tray 2, which will be described later, 
and with the other end being provided with a sheet exit 
1b for discharging a printed recording sheet P'. Within 
45 the casing 1 , the sheet tray 2 is accommodated. The 
sheet tray 2 can accommodate a plurality of recording 
sheets P in A-4 size in piles, for example, and the lead- 
ing edge side thereof is formed so as to upward raise 
the recording sheet P. The sheet tray 2 is to be mounted 
so within the casing 1 from the tray gateway 1a arranged 
on one end face of the casing 1 . 

[0038] Above the leading edge side of the sheet tray 
2 accommodated in the casing 1 , the sheet feeding 
means 3 is provided. The sheet feeding means 3 is for 
55 supplying the recording sheet P accommodated in the 
sheet tray 2 to the sheet transferring means 4, which will 
be described later, and includes a feeding roller 7 and 
a feeding motor 8. The feeding roller 7 is formed in a 
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substantial semicircular cylindrical shape, for example 
so as to feed only the top recording sheet P of the'e 

ZJl Sh r tS P P,l6d ° n the Sheet tra * 2 
sheet transfernng means 4. The feeding motor 8 is for 

rotatmg the feeding ro.ler 7 via gears (not shown) and 
arranged above the feeding roi.er 7, for example ' 

2 ' f IS0 ; h b6 '° W 3 Print head 6 > w« bo de- 
scribed later, the sheet transferring means 4 is arranged 
in a direction supplying the recording sheet P by the 
sheet feeding means 3. The sheet transferring means 
4 ,s for conveying the recording sheet P supplied by the 
sheet feeding means 3 toward the sheet exit 1b d,s 
posed on the other end face of the casing 1, and in- 
cudes a f.rst feeding roller 9 and a second fe'edng roller 
na 2lT? ed T 9 r0 " er 9 iS f0f C ° nVevin 9 th * -*cord- 

Zrt >? H SUPP " ed bV the Sheet feedin 9 ™ans 3 to- 
ward a feeding guide 10, and rotates pinching the re- 

22? Sh r t K P b6tWeen 3 P3ir ° f members con- 
tacting each other in the vertical direction . Also the feed- 
ing guide 10 is for guiding the recording sheet P con- 

roller 11 and ,t ,s formed in a flat-plate shape and ar- 
ranged below the print head 6 spaced at a predete - 
rn-ned mterva,. Furthermore, the second feeding refer 
1 1 .s for conveying the recording sheet P guided by the 

!! d 2 9Uid H V° t0Ward the sheet 6xit 1b disposed 
he other end face of the casing 1 , and rotates pinching 
the recording sheet P between a pair of roller members 
contacting each other in the vertical direction 
[0040] Furthermore, above the sheet tray 2, the elec- 
tnca I circuit unit 5 is arranged. The electrical circuit unit 
5 ,s for controlling the operation of the sheet feeding 
means 3 and the sheet transferring means 4, and con 
st, utes pulse-signal generating means for generating a 
pulse signal for ejecting ink from a liquid-ejecCuntt 
(not shown) arranged in the print head 6, which will be 
described .ater, including an arithmetic unit such as a 

a'nd a r c S pu or!" 96n6ra,in9 C ° minU0US 
datl a foTexam p r 6m0ry «" ^ 
10041] Abovethesheettransferringmeans4,theprint 

mk by makmg rt ,nto droplets so as to form a printed im- 
age by spraying the ink droplets on the recording sheet 
P, having a PNM-type modulation function to express 

E b a eo n rint y ? anging i he diam * a ' - * pixel consZ 
ng the printed image. The print head 6 accommodates 
four-color ink of yellow Y, magenta M. cyan C and IS 
K, and has a line head (see Figs. 3A and 3B) ejecting 
he four-color ,nk of YMCK for each color. In addi ion in 
the description below, the print head 6 is described « 
a line-type liquid-ejecting unit (not shown) arranged cor- 
responding to the overall width of the recording sheet P 

SSL h t SpeCi,lcation - a Potion constituted by 
one ink chamber 21, the heating resistor 18 arranged 
within he ink chamber 21 , and the nozzle 20 ar anged 

ino^ni U eati : 9 reSiSt ° r 1 8 fe referred as an "'"Mea 
-ng unrt (equivalent to the liquid-ejecting unit according 
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to the present invention)". That is, a line head 12 mav 
be an element having a plurality of the juxtaposed^ 
ejecting units. The print head 6 will be described below 

5 t Rgs 3Aand 38 are explanatory views show- 

ing the structure of the line head 12 for one color pro- 
vided ,n the print head 6 shown in Fig. 2. The line head 
2 is for ejecting ink of each color by making it into mfcro 
iquid-droplets, and includes an ejecting un?t (nozzte) d° 
" rected downward, an external casing 13 having a lenoth 
correspondingto theoveral. width ofm.^co^JS 
P shown in Fig. 2 so as to cover the line head 12 as 
shown , m F,g. 3A, and electrical wiring 14 arranged un 
der the external casing 13. The electrical wiring 14 1 
connected to the electrical circuit unit 5 shown in Fig 2 
for rece.vmg continuous pulse signals produced in the 
electrical circuit unit 5 so as to feed the pulse signals to 
a head chip 17, which will be described later. As shown 
n F,g. 3B, on the bottom surface of the line head 12 * 

r 63 ?™ 15 fe Pr0Vided ' A slit -SeeCnlng 
o Z I™?, t0 6Xtend a, ° ng the lo "9itudinal direct on 
of the head frame 15. A plurality of the head chips 7 

the hi? ! attematelv arran 9 ed °" right and left sides o^ 
25 l^H h ! 9 ° Pening 16 ' ° n the bottom ^rface of 

TnT^VJ' 8 nUmbSr ° f the heating a ' a -ents 
is are arranged for generating energy for ejectina ink 
romthe nozzle 20, which wi.l be described later 9 
[0044] Fig. 4 ,s an enlarged view of an essential part 
so t ° L 6 hSad 1 2 Sh0wn in R 9 S - 3 A and 3B. RefemS 

ayer 9 26 ' and 2f T* - ' 1 9 " b ° nd6d °" a ^ 
layer 26, and the nozzle member 1 9 is shown by taking 

[0045] Theheadchip 17 is formed of a semiconductor 

tortLl J% m 10 en6rgy generating means ac- 

PreS6nt inVenfi ° n) deposited on °ne sur- 
face of the semiconductor substrate 22. The heating re- 
,> **or .1848 electrically connected to an external St - ■ 
via a conduction unit (not shown) formed onThe sen i ~ 
4 ° conductor substrate 22. esemi " 
[0046] The barrier layer 26 is made of a photosensi 
ivecyclizedrubberresistoran exposure cuSngd' fTm 
resist, and formed to have a predetermined thickness H 
by depositing the resist on the entire surface of the sem 
« -conductor substrate 22, on which the heating Trustor 
8 is formed, and then by removing unnecessar^parts 
therefrom by a photolithographic process. The t nS 
nessH of the barrier layer 26 becomes equivalent to the 
height H of the ink chamber 21 (see Fig 6) ' 
[0047] Moreover, the nozzle member 1 9, having a olu 
ralityofthe nozzles 20 formed thereon, is made of nic^i 
by electrical casting, for example, and bonded on the 
barnerlayer26 so thatthe position of the nozzle 20 cor 
responds with that of the heating resistor 1 8, I.e.. so that 
* the nozzk, 20 opposes the heating resistor 1 8. The no 7 
2 lemember19mayalsobe plated with palladium or gofd 
or preventing corrosion due to ink. The nozzle member 
19 is provided with a number of the nozzles 20 formed 
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along the longitudinal direction. Wherein, the nozzles 20 
are arranged so as to have a resolution of 600 dpi, for 
example, of printed images formed on the recording 
sheet P' shown in Fig. 2. If the nozzles 20 are arranged 
so as to have a resolution of 600 dpi, ctenidia 26a, 26a, 
— of the comb-shaped barrier layer 26 are arranged ap- 
proximately at an interval of 42.3 jim. 
[0048] The ink chamber 21 (equivalent to the liquid 
chamber according to the present invention) is com- 
posed of a substrate member 22, the barrier layer 26, 
and the nozzle member 1 9 so as to surround the heating 
resistors 18. That is, as shown in the drawing, the sub- 
strate member 22 constitutes the bottom wall of the ink 
chamber 21 ; the barrier layer 26 constitutes the sidewall . 
of the ink chamber 21 ; and the nozzle member 1 9 con- 
stitutes the top wall of the ink chamber 21 . Thereby, the 
ink chamber 21 has opening regions disposed in the 
front of the right side in Fig. 4, and the opening regions 
are communicated with an ink-flow path (not shown). 
[0049] Such a sectional structure of the~line head 12 
will be described with reference to Figs. 5 to 7. Fig. 5 is 
a sectional view at the line of V-V of Fig. 3B; and Fig. 6 
is a sectional view at the line of VI-VI of Fig. 3B. As 
shown in Fig. 5 or Fig. 6, at the position corresponding 
to the nozzle 20 (see Fig. 3B) formed on the sheet-like 
nozzle member 1 9, the ink chamber 21 is formed. From 
the ink-feed opening 1 6 (see Fig. 3B), ink is supplied to 
the ink chamber 21. As shown in Fig. 5, between the 
external casing 13 (see Fig. 3 A) and a bag member 24 
having ink contained therein, a spring member 23 is pro- 
vided. The spring member 23 functions as negative . 
pressure generating means for preventing ink from 
spontaneously leaking from the nozzle 20 by applying 
the negative pressure to the ink replenished within the 
ink chamber 21 so as to outward extend the bag mem- 
ber 24. The spring member 23 can freely establish the 
negative pressure applied to ink by adjusting the force 
exerted to outward extend the bag member 24. 
[0050] Referring to Fig. 5 or Fig. 6, a filter25 is bonded 
to cover the ink-feed opening 1 6 so as to filtrate dirt and 
aggregate of ink ingredients mixed in the ink accommo- 
dated in the bag member 24. Owing to the filter 25, the 
dirt, etc., mixed in ink cannot drop toward the ink-feed- 
opening 1 6, preventing the nozzle 20 from clogging. 
[0051] One of the head chips 17 is generally provided 
with the ink chambers 21 in 100 pieces, each ink cham- 
ber 21 having the heating resistor 1 8 arranged therein. 
By a command from a control unit of the printer, each of 
these heating resistors 18 is uniquely selected so as to 
eject the ink contained in the ink chamber 21 corre- 
sponding to this heating resistor 18 from the nozzle 20 
opposing this ink chamber 21 . 

[0052] That is, the ink chamber 21 is filled with ink 
from the bag member 24 connected to the ink-feed 
opening 1 6 via the ink-feed opening 1 6. Then, by pass- 
ing pulse current through the heating resistor 18 for a 
short time, 1 to 3 u.sec, for example, the heating resistor 
18 is rapidly heated. As a result, vapor-phase ink bub- 



bles are generated in a portion contacting the heating 
resistor 18, and by the expansion of the ink bubbles, cer : _ 
tain volume of ink is displaced (ink comes to a boil). 
Thereby, the same volume of ink located on the nozzle 

5 20 as that of the above-mentioned displaced ink is eject- , 
ed from the nozzle 20 as ink droplets so as to land on 
the photographic sheet for forming a dot thereon. 
[0053] That is, as shown in Fig. 7, the pulse signal, 
generated by the electrical circuit unit 5 (see Fig. 2) 

10 heats the heating resistor 1 8 formed on the surface of 
the head chip 17 so as to displace the ink contained in 
the ink chamber 21 by bubbles generated in the heated 
ink, resulting in ejecting an ink droplet 30 from the nozzle 
20 so as to be landed on a photographic sheet for form- 

15 ing a dot thereon. Then, as shown by arrows J, the ink 
chamber 21 is replenished with ink through the ink-feed 
opening 1 6 so as to cool the heating resistor 1 8, result- 
ing in eliminating the bubbles by the cooling. 
[0054] In the electrical circuit unit 5 (see Fig. 2), con- 

20 tinuous pulse signals are generated so as to supply 
them to the heating resistor 1 8 (see Fig. 7). Thereby, as- 
shown in Fig. 1 A, ink contained in the ink chamber 21 
is ejected from the nozzle 20 toward one pixel D on the 
recording sheet P as a continuous ink-dropletgroup 30,. 

25 30, — . The ink-droplet group 30, 30, ejected on the , 
recording sheet P, as shown in Fig. 1B, extends, in dh- 
rections of arrows S to form the one pixel D. At this time, 
by adjusting the number of times of forming the pulse 
signal so as to adjust the number of the droplets 30 

30 ejected from the nozzle 20, the diameter of the pixel D 
bonded on the recording sheet P is changed, expressing 
gradation. : 
[0055] In the liquid-ejecting apparatus according to! 
the present invention, as shown in Figs. 1Aand 1B, the. 

35 ejection amount of each liquid droplet of the liquid-drop : 
.', let group continuously ejected toward one landing point 
by the continuous pulse signals is fixed or approximated 
at constant corresponding to a predetermined frequen- 
cy band of the pulse signal, and liquid is ejected by var- 

40 iably controlling a drive frequency of the pulse signal 
within the frequency band. 

[0056] Specifically, in the ink chamber 21 shown in 
Fig. 7, the opening disposed in the ink-feeding side to 
the ink chamber 21 is formed to have a height capable 

45 of passing the same amount of ink as that of the ink- 
droplet group 30, 30, — ejected from the nozzle 20 in a 
predetermined frequency band of the pulse signal. For 
example, the height. of the ink chamber 21, .i.e., the 
height H of the barrier layer 26 is be 11 u,m. 

50 [0057] The reason why the height H of the ink cham : 
ber 21 is 11 u.m will be described with reference to Figs. 

8 and 9. Fig. 8 is a graph showing the relationship be- 
tween the drive frequency of the pulse signal and the 
ink-ejection amount in the case where the height H of 

55 the ink chamber 21 shown in Fig. 7 is 11 ujti. Also, Fig. 

9 is a graph showing the relationship between the drive 
frequency of the pulse signal and the ink-ejection 
amount in the case where the height H of the ink cham- 
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nl Jr ^ Referrin9 t0 Figs ' 8 and 9 * w hen the 
nn 9 T ZT Ure ° f the Spring member 23 ^own in 
Fig. 5 is -150 mmH 2 0, ink-ejection amount characteris- 
tics are indicated by circular symbol (O); when the neo- 
at.ve pressure of the spring member 23 shown in Fig 5 
18 -60 mmH 2 0, ink-ejection amount characteristics are 
indicated by rectangular symbol (q>; when the negative 
pressure of the spring member 23 shown in Fig 5 is - 
30 mmH 2 0, ink-ejection amount characteristics are in- 
dicated by triangular symbol (A). 

L°S ^ S r° W " Fl " 9 - 8 ' int hecasewherethe height 
H of the ink chamber 21 (see Fig. 7) is 11 m , the ejec- 

J™?' !? 6 dr ° Plet ejected from the no^'e 
20 can be fixed or approximated at constant corre- 
sponding to a wide frequency band of the pulse signal 
of approx.mately 1 KHz to 1 0 KHz. Whereas, as shown 
in Fig 9, in i the case where the heightH of the inkcham- 
ber 21 is 7 pm, the ink-ejection amount tends to de- 
crease as the drive frequency of the pulse signal in- 
creases from 5 KHz, for example. The reason is that in 
the case where the height H of the ink chamber 21 
shown ,n Fig. 7 is small as 7 fxm, the ink chamber 21 is 
difficult replenished again with the same amount of ink 
as that of the ink droplet ejected from the nozzle 20 in 
a high drive frequency band of the pulse signal. In this 

casesincetheamountofinkreplenishingtheinkcham- 
ber 21 again ,s reduced, the ink-ejection amount is de- 
creased ,n comparison with the case where the drive 
frequency of the pulse signal is lower than 5 KHz There- 
fore, it is preferable that the height H of the ink chamber 
21 be increased to 11 p. m , for example 

E0 ? 5 ,!r JV h J Spri " 9 memb » 28 sh °wn in Fig. 5, it is 
estabhshedthatthedegree of negative pressure .applied 
to ink m the mkchamber21 in a predetermined frequen- 

21 f P ^' Se S, ' 9nal is the same as ""der that 

he surface of ink in .the nozzle 20 is not drawn back 
toward the ink chamber 21 . For example, the negative 

rnnRm re xK theSprin9 member 23is setat -30 mmH 2 o. 
[0060] The reason why the negative pressure of the 
spring member23 is set at -30 mmH 2 0 will be described 
with reference to Figs. 10 and 11. Fig. 10 is a graph 
showing the relationship between the drive frequency of 
the pulse signal and the ink-ejection amount when the 
negative pressure of the spring member23 is set at -30 
mmH 2 0;andFig. 11 is a graph showing the relationship 

freqUen ° y ° f the PU,Se signal and the 
mk-eject.on amount when the negative pressure of the 

P^r^fr 23 fe S6t 81 - 150 mmH 2°' Referring to 
91 ii J 1 ' Wh6n the h6ignt H of tne ink chamber 
21 shown .n F,g. 7 is 7 m , ink-ejection amount charac- 
tenst.cs are mdicated by triangular symbol (a); and 
when the height H of the ink chamber 21 is 11 um ink . 
ejection amount characteristics are indicated by rectan- 
gular symbol (□). y 

[0061] As shown In Fig. 10, inthecasewherethe neq- 
at.ve pressure of the spring member 23 (see Fiq 4) T s 
set at -30 mmH 2 0 and the height H of the ink chamber 
21 is 1 1 um, the ejection amount of the ink droplet eject- 
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ed from the nozzle 20 can be fixed or approximated at 
constant corresponding to a wide frequency band of the 
pulse s,gnal of approximately 1 KHz to 1 0 KHz Where 
as, as shown in Fig. 11, in the case where the negative 

ITZl ?S e . spring member 23 (see Fig - 5 ) h w5 

-150 mmH 2 0, in any of when the height H of the ink 
chamber is 7 fi mandwhen it is 11 jut, the ink-e action 
amount tends to decrease as the drive frequency of he 

P^es.gnaldecreasessmallerthanSKHz.fore^mpie 
io The reason is that in the case where the negative pres- 
sure of the spring member 23 shown in Fig. 5 is iarae 

Zl t k m >°' thS SUrfaCe ° f ink in the ««S 20 i S 
liable to be drawn back toward the ink chamber 21 in a 
low drive frequency band of the pulse signal. In mis 

Sr* 6 am ° Unt ° f ink re P |e "-hingthe inkcham 
ber 21 again is reduced, the ink-ejection amount is de- 
creased .n comparison with the case where the drive 
frequency of , he pulse signal is higher than 5 KHz 
20 t T h 6 re " 11 fe preferable that the negative pressure of 
» he spnng member 23 be set small as at -30 mmZo 
for example. i"«nn 2 <j, 

[0062] In the above description, the height H of the ink 

soZ 11 ^ the ne9at,Ve P"-" of the 

spnng member 23 is set at -30 mmH 2 0; however the 

K^nrr^T iS n0t " mited t0 this ' and the height H 
of the ink chamber 21 may be enough as long as the 
height is capable of replenishing the chamber with the 
same amount of ink as that of the ink-droplet group 30 
30, ... ejected from the nozzle 20 in a predetermineofre- 
» quency band (high frequency) of the pulse signal Spe- 
crfical^ the height H is determined by the IpteZ- 

26, which is the width of the ink chamber 21 shown in 

ss wLV a ' fe ' th6 f, ° W Path resis tenoe. Acco^giy 
™ when the space between the ctenidia 26a of the barrier 
aver 26 is further reduced in order to improve ZZ 
resolution ; -t is necessary to improve the flow path shape 
" " mith h k ' ncrcase the flow path resistance. As one - 
method the height H of the ink chamber21 may be in 

£5 r dA 1 0 .- thene9a,ive P ressure °tthespring y mem- 
ber 23 .s not hmited to -30 mmH 2 0; alternatively it rZ 
be enough as long as the surface (meniscus) of inMn 
the nozzle 20 is not drawn back toward the ink chamber 

- tftnVpr :s ned frequency band (,ow fre9ue -v) 

[0063] Next, the operation of the Inkjet printer struc- 
tured ,n such a manner as a liquid-ejecting apparatus 
will be described. First, referring to Fig. 2, the reel ng 
sheet P accommodated in the sheet tray 2 is supplied 
» towardthesheettransferringmeans4bythesheetfeed 
ing I means 3 so as to pass through underthe print head 

?m™, T hS Print hSad 6 ej6cts four - co, °^ 'nk of 
YMCK from the ejection unit (see Fig. SB) as ink droplets 
so as to form printed images on the recording sheet P 
« The printed recording sheet P" is discharge from he 
sheet exit 1 b disposed on the other end face of tUecas 

[0064] The operation of the print head 6 will be de- 
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scribed. First, as shown in Fig. 7, the ink chamber 21 
formed corresponding to the nozzle 20 is replenished 
with ink, and continuous pulse signals are generated in 
the electrical circuit unit 5 (see Fig. 2) and fed to the 
heating resistor 1 8 disposed within the ink chamber 21 s 
so as to repeatedly heat the heating resistor 1 8. There- 
by, as shown in Fig. 1 , ink contained in the ink chamber 
21 is ejected from the nozzle 20 as an ink-droplet group 
30, 30, 

[0065] As described above, the height H of the ink 10 
chamber 21 is 11 ujn, for example. Thereby, as shown 
by arrows J, the ink chamber 21 is replenished again 
with the same amount of ink as that of ink droplets eject- 
ed from the nozzle 20 in a predetermined frequency ... 
band (high frequency) of the continuous pulse signals, is 
Also, the negative pressure of the spring member 23 is 
set at -30 mmH 2 0, for example. Thereby, by the nega- . 
tive pressure of the spring member23 applied to inkcon- 
tained within the inkchamber 21 , in a predetermined fre- 
quency band (low frequency) of the continuous pulse' 20 
signals, the surface of ink in the nozzle 20 can be pre- 
vented from being drawn back toward the ink chamber , 
21. 

[0066] Therefore, by the continuous pulse signals, the 
ejection amount of each ink droplet of the ink-droplet 25 
group 30, 30, ••• continuously ejected from the nozzle 20 
toward one pixel D can be quantifiably fixed or approx- 
imated at constant corresponding to a wide frequency 
band of the pulse signal. Specifically, as is indicated by 
triangular symbol (A) in Fig. 8, by corresponding to a 30 
predetermined frequency band (appropriately 1 KHz to 
10 KHz, for example) of the pulse signal, the ejection 
amount of each ink droplet 30 can be stabty fixed or ap- 
proximated at constant (5 to 4.8 picoliter, for example). 
Then, within the wide frequency band, liquid can be - 35 
ejected by variably controlling a drive frequency of the f . ... 
pulse signal. Thereby, the drive frequency of the contin- - 
uous pulse signals can be arbitrarily set, so that printed 
images can be formed by dispersing the pulse signal for . 
supplying to the heating resistor 18 (see Fig. 3B) dis- *o 
posed in the nozzle 20. In this case, the voltage of a 
power supply for supplying electric power to each heat- 
ing resistor 18 does not fluctuate, so that the ejection « 
amount of ink droplets ejected from each nozzle 20 can 
be stabilized, resulting in forming excellent images by *s 
recording with improved gradation. 
[0067] Since the drive frequency of the continuous 
pulse signals can be arbitrarily set, there is no effectof. 
fluctuation between products in the manufacturing proc- 
ess of the print head or temperature changes in use, so so 
that the ejection amount of ink droplets ejected from 
each nozzle 20 can be stabilized, resulting in forming . 
excellent images by recording with improved gradation. 
[0068] In the above, an example applied to the inkjet 
printer has been described; however, the present inven- ss 
tion is not limited to this, and any apparatus may be in- 
corporated as long as it ejects liquid in a liquid flow-path 
from a liquid-ejecting hole as liquid droplets. For exam- 



ple, an image-forming apparatus such an inkjet-type 
facsimile or copying machine can be incorporated. Also, 
an apparatus for ejecting a solution containing DNA (de- 
oxyribonucleic acid) for detecting a biological material 
may be applied. 

[0069] The print head has been described as a line 
type; however, the liquid ejected from a nozzle is not 
limited to ink, and any liquid may be enough as long as 
the liquid in a liquid chamber is ejected as liquid droplets. 
[0070] Furthermore, the spring member 23 has been 
described as negative-pressure generating means for 
applying the negative pressure to ink in the ink chamber 
21 ; however, the present invention is not limited to this, 
and any device may be incorporated as long as it pre- 
vents liquid in a liquid chamber from spontaneously 
leaking from a nozzle. For example, it may also be an 
arrangement of the bag member 24 for containing ink 
and the ink-feed opening 1 6. The heating resistor 1 8 has 
been described as ejecting-energy generating means 
for ejecting ink droplets from an ejecting unit; however, 
the present invention is not limited to this, and the eject- 
ing-energy generating means may be any device in that 
liquid in a liquid flow-path is ejected by making the liquid 
into micro droplets by an electromechanical conversion . 
device, for example. t * n 

[0071] Next, an embodiment according to the present 
invention for achieving a second object of the present 
invention will be described. The object of this embodi- 
ment is that when one dot is formed with a plurality of 
liquid droplets by using a head capable of deflecting the 
ejecting direction of the liquid droplet, the dot quality is 
improved by reducing the landing positional displace- 
ment between plural liquid droplets for forming the one 
dot, resulting in improving image quality. 
[0072] According to the embodiment described 
above, the heating resistor 18 has been described as, 
that one heating resistor 18 is arranged for each ink 
chamber 21. Whereas, according to this embodiment,^ 
plurality of energy-generating elements are arranged for 
each ink chamber, as will be described later. In this em- 
bodiment, although not described, the above-described 
embodiment can of course be applied to this embodi- 
ment. The description of structures common to the 
above-described embodiment is omitted. 

(Head Structure) 

[0073] Fig. 12 is an exploded perspective view of ar 
print head 31 of an inkjet printer (simply referred to as 
a printer below) , which is exemplified as a liquid-ejecting 
apparatus according to the present invention. In Fig. 12, 
the nozzle member 1 9 is bonded on the barrier layer 26 
in the same way as in the above-described embodiment. 
[0074] According to this embodiment, a line head is 
also formed by arranging a plurality of the print heads 
31 in the width direction of a photographic sheet. Fig. 
13 is a plan view of a line head 33 according to the em- 
bodiment. Fig. 1 3 shows four print heads 31 ("N-1 "N", 
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"N+1", and -N+2"). When the line head 33 is formed a 

o rinTK if 6 ChiF>S ' 6aCh ° hip being e^** to the 
print head 31 except the nozzle member 19 shown in 

IVt nfT arran , 9ed Then ' ove r these head chips, a 
sheet of the nozzle member 19, on which the nozzles 

TnZVfT ? P °. Siti0nS cor ^Ponding to ink-ejecting 
units of the entire head chips, is bonded so as to form 
the line head 33. This is the same way as the abov™ 
described embodiment. 

[0075] Since the ink-ejecting unit according to this 
embodiment is different from the above-described 1- 
™™ V iS P ° intWi " be described mor e ^ detail. 

222. . 9S ' \ 4A 148 are a plan view and a side 
sectional v.ew of a detailed ink-ejecting unit of the print 

head 31, respectively; Fig. 14Ashowsthe nozzle 20with 
dash-dotted lines. *'<»*uwiin 

the embodiment, w,thin one ink chamber 21, a heating 

dtrecJon rtt d T ^ to ™e arrang *g 

d rection of the two divided heating resistors 32 is That 

«^™XW k ' 6ieCtin9 Un,tS) (thS ri9W "* ' eft 
[0078] In the two-divided type made by longitudinally 
d.vidmg one heating resistor 32 into two in such a man 
ner, since the length is the same and the width is halved 
the resistance of the heating resistor 32 is doubled If 
he two-divided type-heating resistors 32 are connected 
in ser.es, the resistance is quadrupled because the 
heating resistors 32 with doubled resistance are con- 
nected in series. 

[0079] in order to boil ink contained within the ink 
chamber 21 it is necessary to heat the heating resistor 
32 by supplying predetermined electric power to the 
heating resistor 32. By the energy during the boiling ink 

in^r"- !I ^ r6SiStanCe iS Sma "' the -rrentforpa s 
mg through the heating resistor 32 is needed to in- 
crease; by increasing the resistance of the heating re- 
sistor 32, ink can be boiled with small current 
[0080] Thereby, the size of a transistorfor passing the 
current therethrough can also be reduced, resulting in 
space-saving. In addition, although the resistance can 
be increased ,f the thickness of the heating resistor 32 
is reduced, in view of the material selected forthe heat- 

Z ZT°i 32 and the Strength (Ability), the reduc- 
tion m th.ckness of the heating resistor 32 has a prede- 
termined limit. Therefore, the resistance of the heating 
resistor 32 ,s increased by dividing it without reducing 

the thickness thereof. 9 

[0081] m the case where a heating resistor32 divided 
into two is arranged within one ink chamber 21 if the 
time to reach the temperature boiling ink (bubble gen- 
erating time) of each heating resistor 32 is equalized 

ICSiTrt IT - heating reSiSt0rs 32 is simultaneously 
boiled so that ,nk droplets are ejected in the axial direc- 
tion of the nozzle 20. Whereas, if time difference of the 
bubble generating time is produced between the two- 
divided heating resistors 32, ink on the two heating re- 
sistors 32 is not simultaneously boiled. Thereby the 
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ZT 9 , J reCti ° n ° f inkdr °P lets is outof alignmentwrth 
he axial direction of the nozzle 20, so that the ink drop- 
is TfZZZZ? with deflection - Therefore < the ink d ^°P- 

let is landed at a position displaced from the position at 
m„ IC ;ri nkdr0P,etiS landed «"thout deflection 
2? K k 9S ' 15Aand15Bare 9 r aphsshowingthere- 
lat,onsh,p between the timedifferenceofinkbubblegen- 
eration of the two-divided heating resistors 32 and the 

10 !l eJ6Ct o 9 , an9 ' e ' WhiCh are resu,ts from "mputer sim- 

SS ? °i 9raph ' note: not abscissa of the gUh) 

ndicates the arranging direction of the nozzles 20 while 
scL» Z " ( ° rdinate 6y ° f the graph ' not e: not ab- 
1B EE y h t 9raPh) indiCat6S a direction Perpendicular 
to theX direction (transferring direction of a photograph 

cu'n-enf L i9 ' meaSUred data "»«-Sl 

current difference between the two-divided heating re- 

o tTbShf P '° tted " abS ° iSSa 88 the time diffe -"ce 
o nk bubble generation of the two-divided heating re- 

s'umino t 2 H W ^ the defleCtin9 am ° Unt < mea — d SI 
suming the distance between the nozzle 20 and the 

landed posrtion to be appropriately 2 mm) at the landing 

pos, ,on of an ink droplet is plotted in ordinate as the 

he deflection ejection of ink droplets is performed when 
the prlnc^a. current of the heating resistor 32 is set to 

on „n T thS dSf leCting CUrrent is ^Perimposed 
on one heating resistor 32. 

[0083] When the time difference of ink bubble gener- 

Sed r°tH UCed betW6en hSating resistors 
div.ded in the arranging direction of the nozzles 20 as 

shown in Figs 15A to 15C, the ejecting angle of an ink 

droplet is out of alignment with the vertica. direction, and 

the ejecting angle Ox of the ink droplet in the arranni™ 

diction of the nozzles 20 increasing wZh Z 

difference of ink bubble generation. 

2!?' """I! 6 "' accordin 9 to the embodiment, by utiliz- 
" ' !" 9 these characteristics, there are provided two-divided - 
40 2 ( fll 9re ? t0rs32 ' whereinth etimedi^ 
« b e generation is produced between the two heating re- 
sistors 32 by dtfferentiating the electric current passirfo 
over one heating resistor 32 from that over the 2 
heating resistor 32 so as to deflect the ejecting angle of 

4, m 0 *TTJ ei ™ tin9 - anaie deflecting mea »*> 9 

£ J reS,Stances °f the two-divided heating re- 
sistors 32 are not the same by errors in manufacturing 
for example, since the time difference of bubble qeneJ 
ation is produced between the two-heating resistors 32 

so L,?^ 9 an9le ° f a " ink dr °P ,et is °"t of alignment 
7 h the vertical direction, so thatthe landing position 0 
the ink droplet is displaced from the original posrtion 
Whereas by changing electric current difference be- 
tween the two-divided heating resistors 32, the bubbte 
generating time of each heating resistor 32 is controlled 
* and if the bubble generating time for the two-dMdea 
heating resistors 32 is equalized, the ejecting angle of 

mm For* b f a ' i9ned Wlth the verti ealdirec fon 
[0086] For example, in the line head 33, by deflecting 
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the ejecting angle of ink droplets ejected from specific 
one or more of the entire print head 31 from the original 
ejecting angle, the ejecting angle is corrected in the print 
head 31 in which the ink droplet cannot be ejected in the 
direction perpendicular to the landing surface of a pho- 
tographic sheet by errors in manufacturing, and the ink 
droplets can be ejected in the vertical direction. 
[0087] Also, in one print head 31 , only the ejecting an- 
gle of the ink droplet ejected from specific one or more 
ink-ejecting units may be deflected. If the ejecting angle 
of the ink droplet ejected from a specific ink-ejecting unit 
in one print head 31 is not in parallel with the ejecting 
angle of an ink drop from another ink-ejecting unit, for 
example, only the ejecting angle of the ink droplet from , 
the specific ink-ejecting unit is deflected so as to align 
it in parallel with the ejecting angle of an ink droplet from 
another ink-ejecting unit. 

[0088] Furthermore, in the case of the line head 33, if 
there is an ink-ejecting unit incapable of ejecting ink 
droplets or an ink-ejecting unit insufficiently capable of 
ejecting ink droplets, the ink droplets cannot be or hardly 
be ejected on the pixel row (in the direction perpendic- 
ular to the arranging direction of ink-ejecting units) cor- 
responding to the ink-ejecting unit, so that dots are not 
formed, degrading image quality with longitudinal white 
streak. Whereas according to the embodiment, by an- 
other ink-ejecting unit located in the vicinity, an ink drop- 
let can be ejected instead of the ink-ejecting unit insuf- 
ficiently capable of ejecting ink droplets. 
[0089] Next, the degree of deflection of the ejecting 
angle of ink droplets will be described. Fig. 16 is a sec- 
tional side view showing the relationship between the 
ink-ejecting unit and the recording sheet P. 
[0090] Referring to Fig. 16, the distance H between 
the edge of the ink-ejecting unit (the nozzle 20) and the 
recording sheet P is generally 1 to 2 mm appropriately; 
it is assumed to be H = 2 mm (H is substantially con-: 
stant) here. Also, when the resolution of the print head 
31 is assumed to be 600 dpi, the space between adja- 
cent ink-ejecting units (the nozzles 20) is 25.40 x 
1000/600^42.3 (u.m). 

[0091] The ejecting-direction deflecting means ac- 
cording to the embodiment is for deflecting the ejecting 
direction of an ink droplet ejected from one ink-ejecting 
unit so that the ink droplet is landed at a position or in 
the vicinity of the position where the ink droplet from an- 
other ink-ejecting unit located in the vicinity of the one 
ink-ejecting unit is landed without deflection. 
[0092] According to the embodiment, the ejecting di- 
rection of an ink droplet ejected from each ink-ejecting 
unit is deflected by the control signal with J (J is a pos- 
itive integer) bit in different directions of 2 J while the 
space between two landing positions of ink droplets 
mostly separated from the directions of 2 J is set so as 
to be (2 J -1) times the space between two adjacent ink- 
ejecting units (the nozzles 20). Then, when the ink drop- 
let is ejected from the ink-ejecting unit, any one of the 
directions of 2 J is selected. 



[0093] When two bit signal (J = 2) is used as a control 
signal for example, the number of control signals is four 
of (0, 0), (0, 1), (1, 0), and (1,1), and the ejecting direc- 
tions of ink droplets are four (2 J = 4). The distance be- 

5 tween two dots separated mostly during deflection is 
three times the space between two adjacent ink-ejecting 
units (2 J - 1) = 3. Then, every time the control signal 
changes as it is (0,0), (0, 1), (I, 0), and (I, 1), the landing, 
position of the ink droplet (dot) is moved by the space 

10 between adjacent ink-ejecting units. In the above exam- 
ple, if the distance between two dots separated mostly 
during deflection is assumed to be three times the space 
(42.3 u,m) between two adjacent ink-ejecting units, i.e. 
126.9 urn, the deflecting anglee(deg) is: 

15 Tan 26 = 126.9/2000 = 0.0635 
then, G- 1.8(deg). 

[0094] Next, the method for deflecting the ejecting di- 
rection of ink droplets will be described in more detail. 
[0095] Fig. 17 is a conceptual diagram showing a 

20 structure in which time difference of the bubble gener- 
ating time can be set between the two-divided,;h eating 
resistors 32. In this example, using a 2-bit controksignal 
(J = 2), the ejecting direction of ink droplets is set- in four 
steps by four types of electric current differences pass-, 

25 ing through a resistor Rh-A and a resistor Rh>B..„ . 

[0096] Referring to Fig. 17, the resistor Rh-A and the 
resistor Rh-B are resistances of the two-divided heating 
resistors 32, respectively; according to the embodiment, 
the resistor Rh-A is set smaller than the resistor Rh-B. 

30 From a connection path (an intermediate point) between 
the resistor Rh-A and the resistor Rh-B, a current can 
be taken out. Moreover, three resistors Rd are for de- 
flecting the ejecting direction of an ink droplet. Further- 
more, transistors Q1 , Q2, and Q3 functions as switches 

35 for the resistor Rh-A and the resistor Rh-B. 

[0097] An input unit C is for entering a binary control 

signal ("1" only when passing a current). Furthermore, 

symbols L1 and L2 denote binary entry AND gates, and 
symbols B1 and B2 denote input units for entering a bi- 

40 nary signal ("0" or "1") of the AND gates LI and L2, re- 
spectively. In addition, to the AND gates L1 and L2, elec- 
tric power is supplied from a power supply VH. In this 
case, when C = 1 as well as (B1 , B2) = (0, 0) are entered, 
only the transistor Q1 is operated while the transistors 

45 Q2 and Q3 are not operated (current is not passed 
through the three resistors Rd). In this case, if a current 
is passed through the resistors Rh-A and Rh-B, the cur- 
rents respectively passing thorough the resistor Rh-A* 
and the resistor Rh-B are the same. Accordingly, the 

so heating value of the resistor Rh-A is smaller than that of 
the resistor Rh-B, because the resistance of the resistor 
Rh-A is smaller than that of the resistor Rh-B. In this 
state, it is established that an ink droplet is landed on 
the extreme left. The landing position of the ink droplet 

ss at this time is set to be the position (including the vicinity 
thereof) at which the ink droplet from the ink-ejecting 
unit located in the second row of the units ahead on the 
left is landed without deflection. 
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[0098] When C = 1 as well as (B1, B2) = (1 0 ) are 
entered the current is also passed through the'two re- 
sistors Rd that are connected to the transistor Q3 in se- 
nes (the current does not flow through the resistor Rd 
connected to the transistor Q2). As a result, the current 
flowing through the resistor Rh-B is reduced smaller 
than that when (B1, B2) = ( 0 , 0) is entered. However 
a so in th.s case, it is established that the heating value 
ofthe re Sl stor Rh-A is smaller than that of the resistor 

[0099] The landing position of the ink droplet at this 
time .s setto be the position at which the ink droplet from 
the ink-ejecting unit located adjacent on the left is land- 
ed without deflection. 

[0100] Next, when C = 1 as well as (B1 , B2) = (0 1) 
are entered, the current is passed through the resistor 
Rd that .s connected to the transistor Q2 (the current 
does not flow through the two resistors Rd connected to 
the transistor Q3 in series). As a result, the current flow- 
ing through the resistor Rh-B is reduced further smaller 
than that when (B1 , B2) = (1,0) is entered. In this case 
it is established that the heating value ofthe resistor Rh- 
A is the same as that ofthe resistor Rh-B. Thereby the 
ink droplet at this case is ejected without deflection 
[0101] Furthermore, when C = 1 as well as (B1, B2) 
= (1, 1) are entered, the current is passed through the 
three resistors Rd that are connected to the transistors 
Q2 and Q3. As a result, the current flowing through the 

r'n S redUCeCl fUrth6r Sma,,er than »«t when 
f;^; (0 ; 1 > ,s entered - In this case, it is established 
that the heating value of the resistor Rh-A is larger than 
that of the resistor Rh-B. 

[0102] The landing position of the ink droplet at this 
time is set to be the position at which the ink droplet from 
the ink-ejecting unit located adjacent on the right is land- 
ed without deflection. 

[0103] As described above, resistance values of the 
resistors .Rh-A,- Rh-B, and Rd may be set so that every 
tome the input value (B1 , B2) changes as it is (0, 0) (1 
0), 0, 1 ), and (1, 1), the landing position of the ink droplet. 

ing In™ ^ SPaCS betW6en adjacent ,nk - e ^ 
[01 04] Thereby, the landing position of an ink droplet 
can be switched to the following four positions: in addi- 
tion to the position at which an ink droplet is landed with- 
out deflection (vertically to a landing surface of a photo- 
graphic sheet); the position at which the ink droplet from 
the ink-eject.ng unit located in the second row of the- 
units ahead on the left is landed without deflection- the' 
position at which the ink droplet from the ink-ejecting 
unit located adjacent on the left is landed without deflec- 
tion; and the position at which the ink droplet from the 
ink-ejecting unit located adjacent on the right is landed 
without deflection. Accordlngto the input value (B1B2) 
p h o e s is rOPlet ca " be landed at any one of these four 
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(Ejection-Controlling Means) 



[0105] According to the embodiment, there is provid- 
ed ejection-controlling means. When using the ejectinq 

ZTZV^ 9 m6anS deSCribed above . ".ST! 
formed by landing a plurality of liquid droplets so that at 

SherS ° f la K din9 r69i0nS afe over,a PPed with each 
other (dot number modulation), the ejection-controlling 

w S °° ' S the ejeCti ° n 80 that one ° f two dots 
neighboring in a direction perpendicular to the lining di- 
rection of the liquid-ejecting units is formed by a plurality 

222? r Cted / r ° m ° nS "^'^ing unit whiiethe 
other do ,s formed by a plurality of droplets ejected from 

- a Sg r ir ■ ejectin9 unit dwerent fr ° m "» °- ^ 

[0106] Then, a pixel position during image forming 

sell 6 , t dr °f ,6t - ejeCti0n eXeCUti "9 **« WM be de 9 
scribed with reference to Fig. 18. 

20 fS 71 , Referrin 9 t0 R 8- 1 8, the ordinate represents an 
20 arbitrary time axis and the abscissa represents an arb" 

trary distance. The arbitrary time axis corresponds to he 
ejection executing timing of an ink droplet ejected ac- 
cording to the number of gradations, and the arbftr^ 
distance corresponds to the pixel position according to 
Sn ^"r 9 direCtl '° n ° f the '"Meeting units. That is 

2;,i!L?T the number of ejections of ink dr °p'ets 

required for forming dots at each pixel position (i.e the 
time required for forming dots in each pixel) 
30 £°l°f J R f ef ! rling t0 R 9- 18 > the »™ ^ the arranging 
° " ° mk - ejectin 9 units each pixel is defined as 

M + mh in*' ^ PiX61 " neS ' an M " th ,ine a " d a " 
t n 6 afe Sh0Wn on the ordinate. In each pixel 
up to P ink-droplets can be ejected for example tE 

35 fmL eaCh o Xel , haS thS inK dr °P |e t-ejection executing 
hmings 1 to P, which are shown in Fig. 8 as the time slot 

dron£ 'Tu , PiX61 ' d ° tS f0rm6d With maxi ™m P 
Sif nk D lnothe »' words . the maximum number of 
_ . gradations is P + LOn the other.hand, on the abscissa - - - 
the pixel positions are shown as the first to N-th of the 

u'nit 6 IT*" Th6ref0re ' th6 nUmber ° f the Z 
units in the arranging direction is N 

[0109] Referring to Fig. 18, on the M-th line and atthe 

K P o 0 f°; t 1 ■ ink - dr ° P ' et iS ejeCted f ™ ~ 
as to form dots composed of four droplets of ink at the 

« Pixel position 1. Also, on the (M + 1)-tE .i ne and a he 

pixel position 1 , the ink-dropiet is ejected three times so 

[0110] The pixel position 1 of the M-th line and the 
Z P , 0S,t, °: 1 ° f thS (M+1 Hh " ns are -ranged sub 
£ same 0 " ^ P ' Xel posi ' ons are 

[01 1 1] When dots formed with one or more ink droo- 

« i' 6 1£ T? M " th ' ine and d0tS formed ^th one o more 
nk droplets on the (M + 1)-th line are arranged substan- 
tally on the same line in such a manner, That is when 

dotsareneighboringinthedirectionperpendiculatothe 
arranging direction ofthe ink-ejecting units, theeSon 
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controlling means according to the embodiment controls 
the ejection so that the ink-ejecting unit used for forming 
a dot at a specific pixel position of the M-th line is differ- 
entiated from the ink-ejecting unit used for forming a dot 
at the specific pixel position of the (M+1 )-th line. 

(Liquid-ejecting Unit Selecting Means) 

[0112] The ejection-controlling means according to 
the embodiment includes ink-ejecting unit selecting 
means (equivalent to liquid-ejecting unit selecting 
means according to the present invention) for selecting 
an ink-ejecting unit from a plurality of ink-ejecting units 
for ejecting ink droplets. 

[0113] In selecting an ink-ejecting unit by the ink- 
ejecting unit selecting means, there may be a method 
according to a predetermined pattern or a method of se- 
lecting at random. 

[0114] The ink-ejecting units of one print head 31 are 
numbered as 1 , 2, -N-1 , and N while the pixel positions 
at which the ink droplets ejected from the ink-ejecting 
units 1 , 2, -N-1 , and N are landed are numbered as 1 , 
2, --N-1 , and N, respectively. 

[0115] At this time, in the method according to a pre- 
determined pattern, when an ink droplet is ejected at the 
pixel position of the same number as that of the M-th 
line and the (M+1)-th line, it may be set that a different 
ink-ejecting unit is selected. 

[0116] For example, for landing an ink droplet at the 
pixel position x (x is any one of 1 to N) of the M-th line, 
the ink-ejecting unit x may be used, and for landing an 
ink droplet at the pixel position x of the (M+1)-th line, the 
ink-ejecting unit (x+1 ) may be used. 
[01 1 7] Also, for landing an ink droplet at the pixel po- 
sition x, an ink-ejecting unit disposed adjacent the ink- 
ejecting unit x, i.e., the ink-ejecting unit (x+1) or the ink- 
ejecting unit (x-1), may be used. Other than these ink- 
ejecting units, the ink-ejecting unit (x+2), the ink-ejecting 
unit (x-2), the ink-ejecting unit (x+3), or the ink-ejecting 
unit (x-3) may also be used. 

[0118] Furthermore, for landing an ink droplet at the 
pixel position x of each line: at the pixel position x of the 
M-th line, the ink-ejecting unit x is used; at the pixel po- 
sition x of the next (M+1)-th line, the ink-ejecting unit 
(x+1) is used; and at the pixel position x of the further 
next (M+2)-th line, the ink-ejecting unit x is used, such 
that the ink-ejecting unit x and the ink-ejecting unit (x+1) 
may be alternately used at the pixel position x of each, 
line. 

[0119] Alternatively, at the pixel position x of the M^th 
line, the ink-ejecting unit x is used; at the pixel position 
x of the next (M+1)-th line, the ink-ejecting unit (x+1) is 
used; at the pixel position x of the further next (M+2)-th 
line, the ink-ejecting unit (x-1) is used; and at the pixel 
position x of the further next (M+3)-th line, the ink-eject- 
ing unit x is used, such that at the pixel position x of each 
line, the three continuously arranged ink-ejecting units 
of the ink-ejecting unit x, the ink-ejecting unit (x+1), and 



the ink-ejecting unit (x-1), in other words, in addition to 
the ink-ejecting unit x, which is located directly above 
the pixel position x, the ink-ejecting unit (x+1) and the 
ink-ejecting unit (x-1), which are located on neighboring ; 

5 both sides, may be repeatedly used. 

[0120] Furthermore, at the pixel position x of the M-th 
line, the ink-ejecting unit (x-1) is used; at the pixel posi- 
tion x of the next (M+1 )-th line, the ink-ejecting unit (x+1 ) \ 
is used; and at the pixel position x of the further next 

10 (M+2)-th line, the ink-ejecting unit (x-1) is used, such 
that at the pixel position x of each line, the ink-ejecting , 
unit x, which is located directly above the pixel position 
x, may not be used. 

15 (Ejecting-direction Determining Means) 

[0121] The ejection controlling means according to 
the embodiment includes ejecting-direction determining . 
means for determining an ejecting direction of ink drop- v 
20 lets ejected from the ink-ejecting unit selected, by the 
ink-ejecting unit selecting means. . , 

[0122] The ejecting-direction determining means de- , 
termines the ejecting direction of ink droplets.from the 
selected ink-ejecting unit and the pixel position at which, 
25 ink droplets are landed. *. ; , vrv 

[0123] For example, for landing an ink droplet at the 
pixel position x, when the ink-ejecting unit x is sejected, ; 
the ink droplet is controlled to land without deflection. 
When an ink droplet is to be landed at the pixel position 
30 x and the ink-ejecting unit (x-1) is selected, the ejecting 
direction is controlled so that the ink droplet is landed at 
the pixel position x or in the vicinity thereof by deflecting, 
the ink droplet toward the ink-ejecting unit x. Similarly, 
for landing an ink droplet at the pixel position x, when 
35 the ink-ejecting unit (x+1 ) is selected, the ejecting direc- 
tion is controlled so that the ink droplet is landed at the 
pixel position x or in the vicinity thereof by deflection the 
ink droplet toward the ink-ejection unit x. 
[0124] If an ink droplet is ejected in such a manner, ~ 
40 even the image is with plural gradations, one pixel is 
constantly formed by a plurality of ink droplets ejected 
from one ink-ejecting unit. Therefore, displacement in 
landing positions of ink droplets can be minimized, irrv 
proving image quality. 
45 [0125] Also, in the direction perpendicular to the ar- 
ranging direction of the ink-ejecting units (on the same 
line), two adjacent pixels are constantly formed by ink- 
ejecting units different from each other. 
[0126] Accordingly, fluctuations inherent to an ink- 
50 ejecting unit cannot be arranged on the same line, im- 
proving quality of the entire images. Thereby, if a spe- 
cific ink-ejecting unit cannot eject ink droplets by clog- 
ging, etc., for example, if the same ink-ejecting unit were 
used, at pixel position of this line, dots could not be al- 
55 ways formed, whereas in the method described above, 
such a situation can be avoided. 

[0127] Also, the signal processing for ejection execu- 
tion is not complicated according to the embodiment as 
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? the Unique, which is shown in Description of the 
Related Art of this application, proposed in Japanese 
Patent Application 2002-161928, which is assigned to 
the same assignee as this application, so that the signal 
processing can be simplified. 5 
[0128] Furthermore, if there is an ink-ejecting unit with 
the ejecting direction being out of alignment with other 
ink-ejecting units in advance, when pixels with plural 
gradations are arranged, even if the ejecting direction 
of this ink-ejecting unit is not deflected for correction 10 
he displacement of dot landing positions can be allowed 
to be inconspicuous. 

[0129] Figs. 1 9A to 1 9C are drawings showing the dot 
arrangement when one dot is formed by three ink drop- 

[0130] Both Figs. 1 9A and 19B show the pixels ar- 
ranged on the same line (arranged in the direction per- 
pendicular to the arranging direction of the ink-ejecting 
units formed by three ink droplets from the same ink 
ejecting unit. 

For example, in the drawings, the entire pixel on the ex- 
treme left is formed by the ink-ejecting unit located on 
the extreme left. In other words, both Figs. 1 9A and 1 9B 
show examples where the ejection controlling means 
according to the embodiment is not used. 2 s 
[0131] Fig. 19A shows an example where the elect- 
ing-direction deflecting means is not used, wherein the 
ejecting direction of the fourth ink-ejecting unit from the 
left is defected to the left in Fig. 8. In such a case be- 
tween the fourth dot and fifth dot from the left, a region ao 
without images exists as a white streak. Whereas in Fig 
19B, using the ejecting-direction deflecting means the 
ejecting direction of an ink droplet from the fourth ink- 
ejecting unit from the left is deflected to the right in the 
^" 9 f ^ polling the landing position of an ink ss 
droplet from the fourth ink-ejecting unit in such a man- 
ner, the white streak can be eliminated 
[0132] Whereas. Fig. 19C shows an example where 
'T. 96 ! ff ormed usi "9 ejection controlling means'"" ' " 
without deflecting the ejecting direction of an ink droplet 40 
from the fourth ink-ejecting unit from the left as done in 
the example in Fig. 19B. 

[01 33] In the example of Fig. 1 9C , the fourth ink-eject- 

!Sn u t11 .T TZ { f is used for form,n 9 the fourth 

from the left at the first line. In the next second line, the as 
fourth ink-ejecting unit is used for forming the fifth dot 
from the left. Furthermore, in the third line, it is used 
forming the second dot from the left. 
[0134] Then, in the pixels formed by the fourth ink- 
ejecting unit, although positional displacement is pro- so 
duced I in comparison with other pixels, since the pixels 
formed by the fourth ink-ejecting unit cannot be contin- 
uously arranged in the direction perpendicular to the ar- 
ranging direction of the ink-ejecting units, the white 
™ «, ' S T produced as is in the example in Fig. 1 9A . ss 
[0135] The present invention is not limited to the em- 
bodiments described above, and various modifications 
may be made as follows, for example. 



(1 ) According to the embodiments, two pixels adja- 
cent in the direction perpendicular to the arranqinq 
direction of the ink-ejecting units are always formed 
by ejection of ink droplets from different ink-ejectinq 
units; the invention is not limited to this, and in two 
neighboring pixels, one formed by the same ink- 
ejecting unit may exist. For example, at the pixel po- 
sitions x on the M-th line and the(M+i )-th line, pixels 
may be formed by the ink-ejecting unit x while at the 
pixel positions x on the (M+2)-th line and the(M +3 )- 
h line, pixels may be formed by the ink-ejecting unit 

Alternatively, at the pixel positions x on the Wi- 
th line to the (M + 2)-th line, pixels may be formed by 
the ink-ejecting unit x while at the pixel positions x 
on he (M + 3)-th line to the (M + 5)-th line, pixels may 
be formed by the ink-ejecting unit (x+1) 

(2) According to the embodiments, J = 2 is exem 
pl.f.ed as a J-bit control signal; alternatively, a con- 
trol signal with J = 3 or more may be used By in- 
creasmg the number of bits of the control signal so 
as to form a circuit, the deflection directions are fur- 
ther increased. 

(3) According to the embodiments, the time differ- 

n^H ° f T\ i dr ° Plet b ° ilin9 (bubble ^neration) is 
produced by differentiating the electric current 
passing through one of the two-divided heatinq re- 
sistors 32 from the other; the invention is not limited 
to this, and two-divided heating resistors 32 with the 
same resistance are arranged and timings passing 
through electric current may be differentiated For 
example, there are independently provided switch- 
es for each of the two-divided heating resistors 32 
and by turning on the switches with time difference' 
the time difference of bubble generation can be pro- 
duced to ink on each of the heating resistors 32 
Furthermore, the combination of differentiating cur- 
, rent passing through each of the heating resistor 32 • - 
and differentiating timings for passing through cur- 
rent may also be made. 

(4) According to the embodiments, the two divided 
heating resistors 32 are provided within one ink 
chamber 21 ; the invention is not limited to this, and 
withm one ink chamber 21, three or more heatinq 
res,stors 32 (energy-generating means) may be ar 
ranged. Also, a heating resistor is made of one not- 
divided body while on a substantial switch-back 
shape in plan view (substantial U-shape), a conduc- 
tor (electrode) is connected to the folding back por- 
tion of the switch-back shape, so that a principal 
part of energy generating unit for ejecting ink drop- 
lets via the folding back portion of the switch-back 
shape is divided into at leasttwo; energy generation 
of at least one of the principal part is differentiated 
from at least one of the other principal part, thereby 
controlling to deflect the ejecting direction of ink 
droplets. 

(5) According to the embodiments, as thermal-type 
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energy generating means, the heating resistor 32 
is exemplified; alternatively, a heating element may 
be formed of a material other than a resistor. Also, 
any other energy generating means may be used 
not limited to the heating element. For example, 
there may be an electrostatic ejection system and 
a piezoelectric system. 

The electrostatic ejection-type energy generat- 
ing means is provided with a vibrating plate and two 
electrodes disposed under the vibrating plate with 
an airspace therebetween. A voltage is applied be- 
tween the both electrodes so as to downward de- 
flect the vibrating plate, and then, the voltage is ad- 
justed to 0 V so as to free static electricity. At this 
time, by utilizing an elastic force produced when the 
vibrating plate is returned to the original state, ink 
droplets are ejected. 

In this case, since energy generation difference 
between energy, generating means is provided, 
when the vibrating plate is returned to the original 
state (static electricity is freed by adjusting the volt- 
age to be 0 V), time difference may be provided be- 
tween two energy generating means, or voltage val- 
ues may be differentiated from each other and ap- 
plied to two energy generating means. 

Also the piezoelectric energy generating 
means is a layered product of a piezoelectric ele- 
ment having electrodes formed on both surfaces 
and a vibrating plate. When a voltage is applied to 
the electrodes on both surfaces of the piezoelectric 
element, a bending moment is generated on the vi- 
brating plate by the piezoelectric effect so as to de- 
flect the vibrating plate. By utilizing this deflection, 
ink droplets are ejected. 

In also this case, in the same way as above, 
since energy generation difference between energy^ 
generating means is provided, when a voltage is ap- 
plied to the electrodes on both surfaces of the pie- 
zoelectric element, time difference may be provided 
between two energy generating means, or voltage 
values may be differentiated from each other and 
applied to two energy generating means. 
(6) According to the embodiments, the print head 
31 and the line head 33 used for the printer are ex- 
emplified; however, the invention is not limited to the 
printer and may be applied to various kinds of liquid- 
ejecting apparatus. For example, an apparatus for 
ejecting a solution. containing DNA for detecting a 
biological material may be applied. 

[0136] As described above, according to the embod- 
iments, the displacement in landing positions of ink 
droplets can be minimized, improving image quality. Al- 
so, the signal processing for ejection execution is not 
complicated so that the signal processing can be sim- 
plified. 

[0137] Furthermore, if there is an ink-ejecting unitwith 
the ejecting direction being out of alignment with other 



ink-ejecting units in advance, when pixels with plural 
gradations are arranged, even if the ejecting direction 
of this ink-ejecting unit is not deflected for correction, 
the displacement of dot landing positions can be allowed 
to be inconspicuous. 



Claims 



10 1. A liquid-ejecting method comprising the steps of: 



replenishing a liquid chambe (21), which is 
formed corresponding to a nozzle (20) for eject- 
ing liquid therefrom, with liquid; and 
ejecting liquid contained in the liquid chamber 
(21) as a continuous liquid-droplet group from 
the nozzle (20) by feeding a pulse signal to 
ejecting-energy generating means (18) dis- 
posed within the liquid chamber (21), 
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wherein the ejection amount of each liquid 
droplet of the liquid-droplet group continuously 
ejected from the nozzle (20) toward one landing 
point by the pulse signals is fixed or approximately 
constant corresponding to a predetermined fre- 
quency band of the pulse signal, and liquid is eject- 
ed by variably controlling a drive frequency of the 
pulse signal within the frequency band. 

A method according to Claim 1 , wherein the liquid 
chamber (21) is replenished with the same amount 
of liquid as that of the liquid droplet ejected from the 
nozzle (20) in a predetermined frequency band of 
the pulse signal. 

A method according to Claim 1, wherein a negative 
pressure is applied to the liquid in the liquid cham- 
ber (21) in a predetermined frequency band of the 
pulse signal, preventing the liquid from spontane- 
ously leaking from the nozzle (20) without drawing 
back the surface of the liquid at the nozzle (20) into 
the liquid chamber (21). 

A method according to Claim 1 .wherein the ejected 
liquid-droplet group from the nozzle (20) is pushed 
by bubbles generated by heating liquid in the liquid 
chamber (21). 



5. A liquid-ejecting apparatus comprising: 

a nozzle member (1 9) having a nozzle (20) for 
ejecting liquid therefrom; 
a liquid chamber (21 ) formed corresponding to 
the nozzle (20); 

ejecting-energy generating means (18) dis- 
posed within the liquid chamber (21) for gener- 
ating energy for ejecting liquid contained in the 
liquid chamber (21) from the nozzle (20) as a 
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liquid-droplet group; and 
pulse-signal generating means (5) for generat- 
ing a pulse signal for feeding it to the ejecting- 
energy generating means (18), 
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wherein the ejection amount of each liquid 
droplet of the liquid-droplet group continuously 
ejected from the nozzle (20) toward one landing 
point is fixed or approximately constant correspond 
mg to a predetermined frequency band of the pulse to 
signal, and liquid is ejected by variably controlling 
a drive frequency of the pulse signal within the fre 
quency band. 

6. An apparatus according to Claim 5, wherein the liq- is 
aid chamber (21) is formed so as to have a height 
capable of replenishing the same amount of liquid 

as that ejected from the nozzle (20) in a predeter- 
mined frequency band of the pulse signal. 

7. An apparatus according to Claim 5, furthercompris- 
mg negative pressure generating means (23) for 
applying a negative pressure to the liquid contained 
m the liquid chamber (21) in a predetermined fre- 
quency band of the pulse signal preventing the liq- 25 
uid from spontaneously leakingfrom the nozzle (20) 
without drawing back the surface of the liquid at the 
nozzle (20) into the liquid chamber (21). 

8. An apparatus according to Claim 5, wherein the so 
ejecting-energy generating means (1 8) is for push- 
ing and ejecting liquid from the nozzle by heating 

the liquid contained in the liquid chamber so as to 
generate bubbles. 

9. A liquid-ejecting apparatus comprising: 

a head (6) haying a plurality . of lining liquid- 
ejecting units, each having a nozzle- 
ejecting-direction deflecting means for deflect- 40 
mg the ejecting direction of a liquid droplet 
ejected from the nozzle (20) of one liquid-eject- 
ing unit so that the liquid droplet is landed at a 
position or in the vicinity of the position where 
the liquid droplet from the nozzle of another liq- 4 5 
u.d-ejecting unitlocatedinthevicinityoftheone 12 
Hqu.d-ejecting unit is landed without deflection- 
and . ... :i ' 

ejection-controlling means for controlling' thT 
ejection so that when one pixel is formed by so 

anding a plurality of liquid droplets so that at 
least part of landing regions are overlapped 
with each other, one of two pixels neighboring 
in a direction perpendicular to the arranging di- 
rection of the liquid-ejecting units is formed by 55 
a plurality of droplets ejected from the nozzle 
(20) of one liquid-ejecting unit while the other 
pixel is formed by a plurality of droplets ejected 



from the nozzle of the liquid-ejecting unit differ- 
ent from the one liquid-ejecting unit. 

10. An apparatus according to Claim 9, wherein the 
ejection-controlling means comprises: 

liquid-ejecting unit selecting means for select- 
ing a liquid-ejecting unit from the plurality of the 
liquid-ejecting units for ejecting liquid droplets 
so as to form a pixel; and 
ejecting-direction determining means for deter- 
mining an ejecting direction of liquid droplets 
ejected from the liquid-ejecting unit selected by 
the liquid-ejecting unit selecting means. 

11. An apparatus according to Claim 9, wherein the liq- 
uid-ejecting unit comprises: 

a liquid chamber (21) for containing liquid to be 
ejected; and 

energy generating means (18) disposed within 
he liquid chamber (21) for generating energy 
for ejecting liquid contained in the liquid cham 
ber (21) from the nozzle (20), a plurality of the 
energy generating means being juxtaposed in 
one , lquid e hamber (21) |n fte 

of the liquid-ejecting units, or the energy gen- 
erating means being made of one substrate 
and a principal portion thereof for generatina 
energy for ejecting liquid being divided into a 
plurality of sections, and 

wherein the ejecting-direction deflecting 
mean S dlfferentiates the energy Jnj 

least one energy generating means of the plurality 
of the energy generating means in the one liquid 
chamberfrom the energy generation of at least one 
another energy generating means, or the ejectinq- 
d.rect.on deflecting means differentiates the energy 
generation of at least one principal section of the 
Plurality of the principal sections of the energy gen 
erating means from the energy generation of at 
east one anotherprincipal section, thereby deflect- 
ing the ejecting direction of liquid droplets 

?l aPP <T U !! accordin 9 to cla ™ 9, wherein a plu- 

SfJL v T s are arranged in the lini "g 

p^tt - 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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FIG. 6 
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FIG. 8 
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FIG. 12 
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FIG. 14A 
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FIG. 14B 
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FIG. 15C 
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FIG. 16 
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FIG. 18 
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FIG. 20 
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